Functional MRI studies in awake rhesus monkeys: methodological and analytical strategies.
Functional imaging of the non-human primate brain in awake animals is now feasible because of recent methodological advances. Here we detail our procedures for conducting functional MRI (fMRI) studies in rhesus monkeys. Our emphasis has been on analyzing drug-evoked responses within and across test groups, meaning that techniques have had to be developed for training and testing relatively large groups of animals. Group size is important as unbiased estimates are best derived from analyzing responses in multiple animals with replicate scans per animal due to partial volume errors in evaluating small brain regions and motion artifacts during scanning. While the procedures presented here were developed for mapping responses obtained from stimulating dopaminergic systems, much of the methodology is generally applicable for non-human primate fMRI studies and addresses specific problems encountered in imaging awake animals. These are (1) adapting animals to an MRI environment, (2) minimizing head movements, (3) reducing ambient scanning noise levels, and (4) developing multivariate methods of image data analysis suitable for eliciting the dynamic brain response while (5) detecting and deleting outlying observations due to motion artifacts. Procedures are demonstrated for first pre-processing and analyzing responses in a voxel-based approach in a single animal and then proceeding to analyze responses across animals and replicate scans for regions of interest. Collectively, the procedures described provide an approach for fMRI mapping of elicited responses using conventional 1.5T MR scanners.